The difference brought out by these figures is very marked. Indeed, in this respect the Europeans and Australians constitute the two extremes : no race shows an index lower than th a t of the European, and no race presents an index higher than th a t of the A ustralian.
In the investigations which I made three years ago into the con stitution of the lum bar curve in Man and the Apes, I was very early convinced that little could be learned regarding the character and degree of the curve from the lumbo-vertebral index. I was led to adopt this conclusion as the following facts became a p p a r e n t:-1. In European spines a high index is not unfrequently associates w ith a high degree of curvature. ' 2. In the Chimpanzee, in which the lumbo-vertebral index is so nig as 117 5, th e prominence of the lum bar curve exceeds th a t found in the European spine.
3. In living Bushm en th e lum bo-sacral u ensellure" is m uch m ore m arked th an in th e European.
My views upon th is point w ere expressed as follows :-" From th e differences exhibited by the lum bo-vertebral index, some m ight be inclined to argue th a t the E uropean h ad assumed the erect a ttitu d e at a period antecedent to the low races. Such a deduction would be altogether untenable. The difference in the form -adaptation of the lumbar bodies w ith reference to the curve in a European and in a low race can easily be explained when we reflect upon th e difference in their habits. The E uropean, who leads a life which rarely necessitates his forsaking the erect a ttitu d e except as an in te rm itte n t occurrence, and then for short periods, has sacrificed I n th e lum bar p a rt of th e vertebral column flexibility for stability. I t is evident th a t the deep the bodies of the vertebrae grow in fro n t th e m ore perm anent, stable, and fixed the lum bar curve will become, and th e m ore restricted will be the power of bending forw ards a t th is region of the spine. The savage in whose daily life ag ility and suppleness of body are of so great an account, who is frequently called upon to ptirsue game in a prone position, and climb trees in search of fru it, preserves th e pithecoid condition of vertebrae in the lum bar region, and on account of this a superior flexibility of th e spine m ust result. . . There is no reason to suppose th a t this condition is associated w ith a smaller degree of curvature in th is region."
Still in the absence of fresh spines of the lower races, where the lumbar region, composed of combined vertebral bodies and in te r vertebral disks, could be examined, proof positive upon the degree and character of the lum bar curve was w anting. F o r more than three years I have made every endeavour to obtain th e vertebral column of a native A ustralian, Negro, A ndam an, or Bushm an.
Through the kindness of m y friend Professor T. P . Anderson S tuart, of Sydney University, I have a t la st succeeded in securing the spine of an Australian girl, aged sixteen. I t was sent in a zinc box, in which it was packed with great skill and care. The curvatures were th ere fore in no way interfered with, and it arrived in a very perfect con dition. The erector muscles had been partially removed, b u t not to such an extent as to produce any m aterial alteration in the flexures.
The flatness of the dorsal curvature and th e strongly m arked cervical curve were the points in the A ustralian spine w hich on cursory examination chiefly attracted attention. In other respects it was apparently little different from the vertebral column of a uropean. The strong backw ard bend of the cervical p a rt was perhaps the most striking feature. The flexibility of th is region of e spine and the strength and elasticity of the ligam enta subflava 2 K 2 were very remarkable, and altogether confirmed the view which I had formerly expressed upou this point f rom an examination of the cervical neural spines of the native Australian.* In order th a t precise inform ation regarding the curvatures m ight be acquired, the spine was thoroughly frozen, and then divided in the mesial plane with a saw. A very successful section was obtained, and when the spine was still in the frozen condition, with all its parts immovably fixed, a tracing was taken of each cut surface, and the intervertebral disks and vertebral bodies were measured.
A t intervals the spine was returned to the freezing m ixture, so as to keep it thoroughly consolidated until all the details required were ascertained.
In the accompanying woodcut the tracing of the spine section, reduced by photography, is represented. Sim ilar tracings taken from the spines of an Irish female, aged thirty-five, and a young female Chimpanzee, reduced to a corresponding size, are placed on either side of the Australian spine for purposes of comparison.
The flatness of the dorsal curve in the A ustralian is very pro nounced, and is more m arked th an in the Chimpanzee, in which both of the primary curvatures (dorsal and sacral) are notably deficient. It further resembles the Chimpanzee in the high degree of cervical curvature which it exhibits.
Points of Inflexion.-In determ ining these we have n ot examined the curvature formed by the anterior face of the vertebral column. The true curvature of the vertebral column is that of its axis, and it is this th at we have tested. The central points ot the bodies of the vertebra? and of the intervertebral disks were carefully ascertained, and a mean curve was drawn through them . In European spines the point at which each curve gives place to th a t which succeeds it is very constant, and is not affected, so far as my observations go, by the degree of curvature in the different regions. The cervico-dorsal point of inflexion in the European is situated in the disk between the second and third dorsal vertebra?. The lumbo-dorsal point of inflexion in the female is placed in the body of the tw elfth dorsal vertebra, but iu the male it is a little lower down. The lumbar curve gives place to the sacral curve at a point in the lumbo-sacral disk.
In the Australian spine a greater portion of the dorsal column is involved in the dorsal curve. Above, this curvature only gives way to the cervical convexity in the disk between the first and second dorsal vertebrae, whilst below it includes the last dorsal vertebra, as in the European male, and the change to the lumbar convexity is effected in the dorso-lumbar disk. The Spinal Curvature in an Aboriginal Australian.m anner in which the lum bar convexity gives place to the sacral concavity. In the European this takes place in the lumbo-sacral disk of cartilage, and is sharp and sudden, form ing a very decided angle. In the A ustralian it is so gradual and undecided th a t in the first instance I sketched the lum bar curve so as to include the first sacral vertebra. Such a curve line, however, falls about 1 mm. behind the central point of the lumbo-sacral disk. I t is best therefore to consider that the lum bar curve, as in the European, ends in th a t disk. B ut the sacral concavity does not begin a t once. If the central points of the lumbo sacral disk, th e first sacral vertebra, and the first sacral disk be joined, it will be found th a t they lie in a stra ig h t line, and th a t the sacral concavity only begins in the first sacral disk. The close association which is thus established between the first piece of the sacrum and the lum bar column is very largely due to the oblique position which is assumed by the last lum bar vertebra. This is a striking peculiarity, and constitutes perhaps one of th e most characteristic features of the A ustralian spine.
In my " Cunningham M emoir " I describe a European spine, in which the first sacral vertebra is actually included in the lum bar curve, bu t this was brought about in a different manner. I t was not due to a shifting of th e last lum bar vertebra, but to a shifting of the first sacral elem ent which had separated itself from its neighbours, and th u s become associated with the lum bar column.
A glance a t the tracing of th e A ustralian spine is sufficient to show th a t the lum bar colum n is constructed upon principles which are calculated to render it exceedingly flexible and elastic. WhaaJ^B look at the corresponding region of the European an impression 0 great stability is conveyed to the m ind. ^ t • In the Chimpanzee, the cervico-dOrsal point of inflexion, as European, is placed in th e disk betw een the second and third dortW vertebrae. In the spine figured in fig. 1 the dorsal and lumbar axial curves m eet in the central point of the tw elfth dorsal vertebra, but in the other specimens which I have examined, the point of demarcaw|j| between these curves corresponded to th e central point of the ittwi vertebral disk between th e tw elfth and th irte e n th dorsal vertebra*. The flatter dorsal curve of the Australian therefore involves a greater length of the vertebral column th an th e corresponding deeper cuW in the Chimpanzee and European. B ut, further, the lum bar axial curve in the Chimpanzee t one or two of the sacral vertebrae. In the spine of the female > panzee figured in the text, th e first and second sacral vertebrffij^ included, bu t in other specimens examined, only the first element falls into the line of the lum bar curve. A n important tion is thus established by the A ustralian spine, in which the sacral vertebra has ju st escaped being included in .the axial curv the lumbar region, and occupies a place which, renders it impossible to associate it either with the curve above or the curve below.
In the Chimpanzee the first sacral vertebra is brought into associa tion with the lumbar region by the slight degree of backward incli nation of the sacrum ; but another factor also comes into play, although to a much less extent, and th at is the oblique position of the last lumbar vertebra.
Let us examine these two factors which exercise so marked an influence in producing this modification of the curvature in the Australian and Chimpanzee spines. The sacro-vertebral angle can be tested in a variety of ways, but the most convenient method is to prolong the axis lines of the last lumbar and first sacral vertebrae, and determine the angle which is formed at the point of intersection. In the spines of five European females the average angle thus obtained was 137° 40'. But I am inclined to think that in typical cases the angle in question is not so open. In the young female figured in the text, it is only 117° 20'; whilst in the Australian it was determined to be 141°. In the young Chimpanzee, on the other hand, it attains a magnitude of 166°. But before coming to a definite decision upon this point, it is well to test the m atter in another way. This is rendered necessary by the peculiar position of the last lumbar vertebra in the Australian and also, but to a less degree, in the Chimpanzee. Let us take the axis line of the fourth lumbar vertebra in the human spines, and the third lumbar or corresponding vertebra in the Chim panzee, and note the angle which is formed by the intersection of this by the axis line of the first sacral vertebra. The angles obtained by this method for the three spines figured are :-
European.
Australian. Chimpanzee.
114° 120c 156°S
o far, then, as it is possible to draw a conclusion from one spine, we may say that the sacral obliquity in the Australian is not so marked as in the European. A t the same time it is right to state that I have examined individual European spines which exhibited a sacro-vertebral angle as open if not more so than that of the Aus tralian. In these cases, however, special causes existed for this small degree of sacral obliquity .
The peculiar position occupied by the last lumbar vertebra in the Australian can be rendered evident by ascertaining the angle which is formed by the intersection of its axis line by the axis line of the fourth lumbar vertebra. The following are the angles thus deter mined :-
European.
173*
Australian.
163°
I t is this obliquity of the last lumbar vertebra in the Australian which has the effect of so nearly placing the first sacral vertebra in the line of the axial lum bar curve.
In Troglodytes the last lum bar vertebra* is closely associated with the sacrum. This constitutes a striking character of the column when seen in mesial section. A t first sight the vertebra in question appears to belong to the sacrum. The intervertebral disk which intervenes is very th in ; indeed, in a young specimen, it is not much thicker than those interposed between the sacral elements, and it eannot be compared for a moment with the th ick pads between the lum bar vertebrae. This intim acy of relationship is still further borne out by the examination of the m acerated skeleton, because it is extremely common to find the last lum bar vertebra either fixed to the sacrum by osseous union, or taking on sacral characters by the assumption of the characteristic sacral alee or rib elements. Of the twelve skeletons of T r o g l o d y t e s, in which the lumbo-sacral reg mentioned in the catalogue of the Museum of the Royal College of Surgeons in England, seven are described as presenting this pecu liarity.
In the European and in the A ustralian, the last lum bar vertebra is separated from the sacrum by a thick pad of intervertebral substance. Nevertheless, we occasionally find in the human spine the last lum bar vertebra either fused to the sacrum or developing on one or both sides a sacral ala. Professor Kollman, of Basel, has recently exhibited a t the Anatomische Gesellschaft a t Wurzburg (May, 1888), a series of specimens in which the different gradations of this anomaly were illustrated.^ D uring the last four or five years about seventy-five sacra and last lum bar vertebrae have been ex amined in the macerated state in the Anatomical Department of Trinity College. Prom these I have obtained one specimen in which th e fusion between the last lum bar and first sacral vertebrae is almost complete, and three fifth lum bar vertebrae w ith a sacral ala developed on one or both sides. W e have little inform ation on this point in so far as the spines of the low races are concerned ; b u t it is somewhat significant th a t in five A ustralian and in two Andaman skeletons, S ir W illiam Turner J should have recorded the occurrence of three fifth lum bar vertebrae w ith sacral alae developed upon their transverse * The vertebral formula being considered as C7, I)13, L4, S5, C4. T ince writing the above, I have received a letter from Professor Kollman upon t s subject. He informs me that he observed the anomaly in eight out of fortyve specimens which he examined. In three cases the assimilation was comply® (i.e., on both sides), and in the remaining five it was confined to one side. lh 3 specimens were all derived from European skeletons.
processes. I t is possible, therefore, th a t the tendency to assume sacral characters is more m arked in the last lum bar vertebra of the Australian than of the European.* Lumbar Curve.-A single glance a t the tracing obtained from the mesial section of the A ustralian spine, and which has been reproduced in fig. 1 , will be sufficient to dissipate any doubt that may be rem aining regarding the presence of a lum bar convexity in the vertebral colum n of this race. N ot only does it exist, b u t it is present in a very pronounced form. Sir W illiam Turner, who has studied the lum bar vertebrae of several of the low races, has endeavoured to arrive a t the proper lum bar curvature by careful articulation of the vertebrae.
The upper border of the superior articular facet of the vertebra below was placed in th e same tra n s verse plane as the upper border of the inferior articu lar facet of the vertebra above."! In th e A ustralian he was led to believe th a t above the level of the lower border of the fourth lum bar vertebra the lumbar column was faintly concave forw ards. A t th e same tim e he carefully guards him self by insisting th a t tru e and tru stw o rth y evidence upon this point can only be acquired by th e actual exami nation of the fresh spine.
A convenient although a somewhat a rb itrary way of determ ining the degree of prominence in the lum bar region in sectional tracings of the spine is to draw a straig h t line from the anterior extrem ity of the lower surface of the last lum bar vertebra to the anterior end of the upper surface of the first lum bar vertebra (vide fig. 1 ). By the eye we can readily judge the am ount of projection which lies in front of this line in the different tracings, b u t for accurate comparison it is advisable to form ulate an index. This can be done by taking th e length of the lum bar column (m easured from the centre of the upper surface of the first lum bar v erteb raj to the centre of the lower surface of the last lum bar vertebra), as the standard and equivalent to 100, and then com paring it w ith the distance between the in ter secting line and the point of greatest prominence. A high index will indicate a strongly pronounced curve, and a low index a feeble degree of curvature. The indices of the lum bar curve ascertained in this way from the three tracings in fig. 1 are the following :-
European.
9 7 9-6 10*0
The Spinal Curvature in an Aboriginal Australian. The European and the A ustralian present to all intents and purposes an equal degree of prominence. The Chimpanzee exceeds them both in this respect. I t m ay be well to state th at the index expressed by the spine of the European closely corresponds with what I have found to be the average (9 5) for Irish females. On the other hand, when we consider th e long period required for the full development and thorough consolidation of the lum bar curve in the hum an spine, we are forced to adm it th a t it is highly improbable that the index obtained for the A ustralian expresses th e average degree of curvature for th a t race. The girl from w hich it was taken was said to be sixteen years old, and the condition of the epiphyses, &c., afforded abundant evidence th a t the age had not been overstated. Now Balandin,* who has examined the vertebral column in different subjects a t the tenth, tw elfth, sixteenth, and tw entieth year, assures us th a t in none of these has he found consolidation of the lumbar curve. H e considers th a t it does not become absolutely stable until adult life. U nfortunately we do not possess a sufficient number of tracings of mesial sections of th e young spine to come to a decided opinion upon this p o in t; b u t in the beautiful draw ing which is given by Dr. Sym ingtonf of such a section of a girl, aged thirteen, the lum bar curve is very feebly marked.
I am inclined to consider, therefore, th a t fu rth e r investigation will probably show that the c arve index of th e A ustralian girl is slightly below the adult st andard. The investigations w hich I carried out upon living Bush men, and which are recorded in my " C unningham Memoir," certainly seemed to indicate th a t in th a t race, a t any rate, the lum bar curve in the erect attitude is in excess of w hat we find in the European. Of course the greater flexibility which I believe th e spines of the black races possess would tend to exaggerate the curve in the standing posture, and a t the same tim e produce the opposite effect when the spine was relieved from its superincum bent burden.
In the A ustralian spine the point of greatest projection in front of the intersecting line w hich we have used to determine the degree of lum bar prominence is the anterior border of the upper surface of the fourth lum bar vertebra. This corresponds w ith w hat we find in the European male, but in the European female the most p rojectin g point is placed higher, and is formed by the anterior border of the lower surface of the th ird lum bar vertebra. B ut the true summit of the lum bar curve is the point of m axim um axial curvature, and in the A ustralian this is situated in the centre of the fourth lumbar vertebra. Again this is identical w ith w hat we observe in the European male, but in the European female the sum m it of th e axial curve is placed in the disk, between the th ird and fo urth lum bar vertebras. In two particulars, then, the A ustralian spine resembles the vertebral column of a European male more th an th a t of a European female, viz., in the point of maximum curvature in the lum bar region, and in the fact th a t the curvature does not include th e last dorsal vertebra. The youth of the girl from which it was tak en may account for these peculiarities: the spine m ay not have had tim e to acquire its special sexual characters, or its full degree of lum bar curvature.
I t is self-evident th a t w hen a curve is established in a region where the vertebral bodies are not moulded in accordance w ith it, the pro duction of the curvature m ust be due to the shape of the interver tebral disks. The difference in h eight between the anterior and posterior surfaces of the European lum bar vertebrae (w ith the excep tion of the fifth) is so slight th a t it can have little influence in deter mining the curve in this region. The difference is to be regarded as the consequence and not as the cause of the curve. The lum bar con vexity is m ainly produced by the intervertebral disks, and when we reflect upon the m anner in which the curvature is called into existence,* we can readily understand w hy this should be so. In the A ustralian spine the lum bar prominence is produced entirely by the interverte bral disks. The vertebral bodies, w ith the single exception of the fifth, are fashioned in a m anner unfavourable to the production of a curve of which the convexity is directed forwards.
The table (pp. 498-9) gives the proportions and indices of the lum bar vertebrae and intervertebral disks in the A ustralian and European spines figured in the text, and also for purposes of comparison the indices of the same parts in four additional European spines.
The index of the lum bar vertebrae in the A ustralian girl (101'4) is low when we consider th a t for th is race th e average index is 107*8. But this average has been largely obtained from males, and there is every reason to believe th a t the index of the female is very consider ably below this. The four female A ustralian spines which I measured when preparing my " Cunningham Memoir," gave an average lumbovertebral index of 108*1, and of these one had an index of 100*9, and another an index so low as 96*7. To all intents and purposes, there fore, the bodies of the lum bar vertebrae in the spine of the A ustralian girl are neutral in so far as the production of a lum bar curve is con cerned. The intervertebral disks are the parts which determ ine the curvature, and in conformity with this they present the low index of 49*5. A very special feature in this spine is the small amount of depth exhibited by the lum bar disks posteriorly. I t is a character which at once appeals to the eye when the tracing of the mesial section is examined. The two disks which contribute most largely to the curve are the fourth and fifth. T he indices of these are 28*6 and 38*4 respectively.
The European spine which we have selected for comparison w ith the Australian spine also presents a somewhat low lumbo-vertebral index, viz., 91*0. The intervertebral index is consequently higher than is usually th e case. Perhaps the average which is given in the table for the four Irish spines more nearly expresses the relative share taken by vertebral bodies and intervertebral disks in the production of the curve. In these the average lum bo-vertebral index is 96 3 and the average intervertebral index 65'6.
In analysing the composition of the axial curve in the lumbar region of the A ustralian spine, I have had the advantage of the advice and assistance of m y friend and colleague Professor Alexander, of the Engineering School in T rinity College, Dublin. The drawings which illustrate this point were executed by him. The axial lumbar curve was found to be composed of the segm ents pf three circles. Thus the portion of the curve which traverses the central points of the fifth lum bar vertebra and of th e disk im m ediately above and below it, con stitutes one a r c ; the central points of th e th ird and fourth lumbar vertebrae, and of the third and fourth intervertebral disks, are traversed by the arc of a second and larger circle; w hilst the line passing through th e central points of the dorso-lum bar disk and of the first, second, and th ird lum bar vertebrae w ith the intervening disks, forms th e segm ent of a th ird and still larger circle. Segm ents of three circles can also be detected in the axial lum bar curve of the European, h u t the parts entering into th e form ation of these are different. The fourth and fifth lum bar vertebrae w ith the fo u rth and fifth disks are ranged in the arc of the lowest and sm allest c irc le ; the second, third, and fourth lum bar vertebrae w ith th e two intervening disks, constitute the segm ent of another circle ; w hilst the tw elfth dorsal vertebra and the first and second lum bar vertebrae, w ith th e interposed disks, form the segm ent of a th ird circle.
As I have explained in my " C unningham M emoir," where I have entered somewhat fully into this point, the composition of the differ ent arcs of the axial curve is one into w hich m any fallacies may creep. S light inaccuracies in the tracin g or a deviation from the mesial plane in sawing the spine will tend to vitiate the results.
The radii of the three arcs w hich build up the axial lumbar curve present very different lengths.
In the lower p a rt of the lumbar column of the A ustralian the bend is much sharper and more sudden than in the European. This is rendered evident when the radii or the two lowest arcs are compared w ith each other. Again, the highest segment in the European shows very little deviation from a straig h t line. I t presents a radius more than twice the length of the highest segment in the A ustralian spine. In the European the lum bar curve is more uniform and gradual throughout. The lengths of the radii of the different arcs of the two spines were ascertained to be as follows : - The interposition of a stra ig h t piece between the lum bar and sacral curves of the A ustralian spine is well seen in fig. 2 . I t certainly offers in this respect a m arked contrast to the European, in which the sacral curve breaks off a t once from the lum bar curve.
Relative Lengths of the different Regions of the Vertebral Column of the Australian.-Aeby* has called attention to the fact th a t in the two sexes, and at different periods of life, rem arkable differences are found in the relative lengths of the different regions of the vertebral column. The method which we have adopted for ascertaining th e degree and quality of the spinal curvature affords us a t the same time a very accurate means of com paring the A ustralian w ith the European from this point of view.
The m easurem ents were made along the fore surface of the spine, and the results obtained showed that the A ustralian spine corresponds in this respect in the closest manner with the vertebral column of th e adult European female. Its total length from the base of the sacrum to the tip of th e -odontoid process was 526 mm. The cervical region measured 112 mm., the dorsal region 241 mm., and the lum bar region 173 mm.
In order that we may compare the relative length of each of these regions with what we find in the European, let us regard the fore surface of the movable column as being equal to 100. The following table shows the close sim ilarity which exists in this respect between the Australian girl and the adult European female :-Fore Surface of Spine from tip of Odontoid Process to Base of Sacrum = 100. In the above table, I have also introduced th e proportions which Aeby gives for the sixteen-year-old girl. I t is curious th at the Aus tralian girl should approximate more nearly the adult European female.
Proportion of Bone and Cartilage in the Lum bar Region of the Spine. __W hen the tracings which are reproduced _ in fig. 1 are closely examined, it becomes apparent th a t in the lum bar region the constituent elements, viz., the bones and the intervertebral disks, are not present in corresponding proportions in th e different spines. The vertical diameters of the bodies of the lum bar vertebrae differ very appre ciably in the three spines, and w ith th is there is a difference in the thickness of the intervertebral disks. In order th a t we may the more easily contrast the spines from this point of view, I have form ulated an index which may be term ed the lumbar index. In calculating this, th e sagittal diam eter measured from the centre of the posterior face to the centre of the anterior face of the vertebral body is taken as th e standard and equal to 100. The proportion betw een th is diam eter and the vertical diameter, measured from the ceutre of the upper surface to the centre of the lower surface of the vertebral body, can thus be readily expressed. A high index will indicate a long vertebral b o d y ; a low index, on the other hand, w ill indicate a short vertebral body. In the table which follows I have introduced th e Baboon, Macaque, and Orang, with the view of enabling us to decide w hether or not the difference exhibited in th e sagitto-vertical lum bar index of the European, Australian, and Chimpanzee is one from which any im portant deduc tion may be drawn.
Two points are rendered very m anifest by the above figures, viz., (1), th a t there is a rapid and decided increase in the length of the lum bar vertebral bodies as we pass from the European, through the A ustralian, Chimpanzee, and Baboon to th e M acaque; and (2), that as the bones elongate the cartilaginous disks become shortened.
The difference in relative length of the lum bar vertebr® in the Eui'opean and A ustralian is very m arked, the sagitto-vertical index of the form er being 80"9, and of the latte r 87'0. I t must be borne in mind, however, th a t I have only had an opportunity of examining the one A ustralian.* Again, it is rem arkable th a t the Orang in the height of its vertebr® should show such a decided deviation from other Apes, and approach so closely to Man. A mesial section through the Orang renders this character apparent to the eye.f
In estimating the vertical depth of both vertebral bodies and inter- ,1 Index of the Lower Fire Movable Vertebrae: also the Proportion of Bone and Carti corresponding Section of the Vertebral Column.
vertebral disks, the m easurem ents were m ade along the axial line of the column. The spines were divided in the m esial plane when thoroughly frozen, so th a t there was no reduction in the depth of the cartilaginous disks thro u g h th e bulging out of th e ir central soft portions. I n the E uropean we find the largest proportion of carti lage in the construction of the lum bar region. In four female spines the average was found to be 35*7 per cent, cartilage to 6 4 3 per cent, bone.* In the A ustralian th e am ount of cartilage is reduced in con form ity w ith th e lengthening of the vertebral bodies ; th e proportion is 3 0 6 per cent, cartilage to 6 0 4 p e r cent. bone. In th e Apes, a still fu rth er reduction in th e am ount of cartilage is m anifested; even in th e O rang w ith vertebrae proportionally as short as those of a European, the am ount df cartilage in the lum bar p a rt of the spine is relatively m uch less, viz., in the E uropean 35*7 p e r cent., and in the O rang 27 per cent.
In th e Chimpanzee, th e m arked fall in the am ount of cartilage is in a m easure due to the extrem ely thin disk which intervenes betw een th e la s t lum bar vertebra and the base of the sacrum .
In th e erect a ttitu d e of M an th e g reater am ount of cartilage lessens the shocks tra n sm itte d upw ards th ro u g h th e column. In the prone or semi-prone position of th e tru n k th e same provision is not so necessary. The conditions affecting th e train in g of riv ers in the non-tidal portions of th e ir course by jetties, or rubble em bankm ents designated as tra in in g walls, are well understood. T rain in g walls substitute a straightened uniform channel for irreg u larities and varying widths, im proving th e flow of th e c u rre n t and rendering it uniform, so that scour occurs in the shallow, narrow ed portions, and more uniform ity
